Magnesium hydride has been identified as one of the most attractive materials for hydrogen storage due to its high gravimetric and volumetric hydrogen densities.
1 However, proper strategies are required to overcome the high thermal stability (up to 573 K for hydrogen release) and sluggish sorption kinetics. 2 In the past two decades, many efforts were directed to investigate how to improve the hydrogen storage performance of MgH 2 .
3 A commonly successful method is to prepare composite materials by mechanical milling (MM) MgH 2 or Mg with various elements 4 and/or compounds. 5 It is well known that carbon materials have beneficial effects on the hydrogen sorption of MgH 2 . Since the early work of catalyzing MgH 2 with graphite by Imamura et al., 6 many carbon materials have been extensively studied to promote the hydrogen storage property of MgH 2 , including single-walled carbon nanotubes (SWCNTs), multi-walled carbon nanotubes (MWCNTs), carbon nanofibers (CNFs) and activated carbon (AC), as well as graphene nanosheets (GNS). 7 It was found that MWCNTs exhibited the prominent catalytic effect on the hydrogen sorption of MgH 2 , not only on improving the de/hydrogenation properties but also on decreasing the starting temperature of the desorption reaction of MgH 2 . Previous studies indicate that metal oxides can also have a beneficial effect on the dehydrogenation temperature and kinetics of hydrogen sorption when ball milled with MgH 2 . Oelerich et al. investigated the influence of cheap metal oxides on the sorption behaviour of nanocrystalline Mg-based systems. 8 The addition of TiO 2 leads to an enormous catalytic acceleration of hydrogen sorption. Croston et al. investigated the effect of TiO 2 prepared via a sol-gel route, together with the oxide calcination temperature on the H 2 sorption of MgH 2 . 9 The results suggest that the anatase form of TiO 2 is more effective at lowering the dehydrogenation onset temperature of MgH 2 .
To our knowledge, the TiO 2 is mainly used as a semiconductor photocatalyst. 10 There are no prior studies of the effect of multi- Fig. 1 XRD patterns of the as-prepared TiO2/MWCNTs catalyst after drying at 353 K and heat treatment at 673 K However, the anatase structure of TiO 2 appears after calcination at 673 K for 2 h, which is reported more effective at lowering the dehydrogenation onset temperature of MgH 2 . Average crystallite size of the anatase phase after calcination at 673 K is 10 nm estimated by Scherrer equation. The XRD pattern of the HCS product of Mg 95 Ni 5 is shown in Fig. S1 (ESI †). The peaks corresponding to MgH 2 , Mg 2 NiH 4 , Mg 2 NiH 0.3 and un-reacted Mg are detected. Although the hydrogenation degree is not high, the activity of the HCS product of Mg 95 Ni 5 is high, which will be reflected in the following de/hydrogenation process.
The morphology information of the as-prepared TiO 2 /MWCNTs is supported by the TEM and high-magnification TEM images shown in Fig Fig. 3b , all the samples have drastically fast hydriding rates at 493 K. The Mg 95 Ni 5 -TiO 2 /MWCNTs absorbs 6.25 wt.% H 2 (theoretical capacity of 6.50 wt.%), which is higher than 5.77 wt.% of Mg 95 Ni 5 (theoretical capacity of 6.85 wt.%). Besides, with the addition of MWCNTs, the saturated hydrogen absorption capacity of Mg 95 Ni 5 is also improved. The hydrogen absorption capacities of all the samples are listed in Table S1 (ESI †). It is revealed that the TiO 2 /MWCNTs has the excellent catalytic effects on the hydrogenation, not only can it enhance the kinetics performance, but it can also increase the hydrogen absorption capacity.
To analyse the hydrogen desorption kinetics of Mg 95 Ni 5 -TiO 2 /MWCNTs, isothermal dehydrogenation measures were performed at different temperatures. Fig. 4 First, it should attribute to the relatively high specific surface area of TiO 2 /MWCNTs catalyst. The nitrogen adsorption and desorption isotherm curves of the as-prepared TiO 2 /MWCNTs are shown in Fig. S6 (ESI †) As a third possible explanation, the literature reported active metal Ti species could be formed during the processes of milling and dehydrogenation for MgH 2 added with TiO 2 . 9, 15 The XPS test of Mg 95 Ni 5 -TiO 2 /MWCNTs after mechanical milling was carried out to examine the nature of the Ti species (Fig. S9, ESI †) . Fitting of these peaks shows the characteristic peaks of Ti 4+ (459.1 eV and 464.8 eV for Ti 2p 3/2 and Ti 2p 1/2 peaks) and Ti (460.1 eV for Ti 2p 1/2 peak), which is in accord with the reference data shown in Table S3  (ESI †) . 15, 16 It suggests that Ti of a lower oxidation state than +4 can be generated by the high local temperature arising during mechanical milling. The possible chemical reaction in mechanical milling is given below, showing that active metal Ti will generate at the expense of oxidation of Mg. The energy barrier of the hydrogen dissociation is as high as 4.52 eV, which is impossible to dissociate H 2 to atomic H under normal circumstances. However, the energy barrier of the hydrogen dissociation on Ti-incorporated Mg (0001) surface was calculated to be 0.103 eV, which is much lower than on pure Mg (0001) of 1.05 eV. 17 It means that the existence of Ti could contribute to the dissociation of hydrogen molecules.
In conclusion, multi-walled carbon nanotubes supported titania synthesized by sol-gel method with a relatively high specific surface area of 87.2 m 2 g -1 had excellent catalytic effects on hydrogen storage of Mg 95 Ni 5 . With the addition of TiO 2 /MWCNTs catalyst, the Mg 95 Ni 5 absorbed 5.60 wt.% H 2 within 60 s at 373 K and released 6.08 wt.% H 2 within 600 s at 553 K. The superior catalytic effects should be attributed to the grain refinement of Mg 95 Ni 5 and the relatively high specific surface area of TiO 2 /MWCNTs catalyst, providing more channels for hydrogen diffusion to enhance the de/hydrogenation kinetics and improve the hydrogen absorption/desorption capacity of Mg 95 Ni 5 . Moreover, the generation of active metal Ti derived from TiO 2 could also contribute to the dissociation of hydrogen molecules.
